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Abstract
Background: Since only a few extensive reports are
available on the less invasive nature of laparoscopic
gastrectomy, we compared postoperative changes over
time in vital signs and hematological parameters be-
tween this surgery and laparotomic gastrectomy.
Methods: Of 188 patients who underwent distal gastrec-
tomy for preoperatively diagnosed early gastric cancer
between January 2004 and September 2006, 87 underwent
laparoscopy-assisted distal gastrectomy (LADG) and 101
underwent laparotomic distal gastrectomy (DG). The
invasiveness of the two procedures was evaluated in 164
patients with no postoperative complications (82 cases of
LADG and 82 cases of DG by measuing vital signs daily
and performing hematological examination on postop-
erative days (POD) 1, 4, 7, and 10.
Results: For body temperature, heart rate, and blood
pressure, significantly lower values were obtained with
LADG on 3 and 4 POD, 4 POD, and 3 and 4 POD,
respectively. For white blood cell counts (WBC) and C-
reactive protein (CRP), significantly lower values were
obtained with LADG on 7 and 10 POD, and 10 POD,
respectively. For serum protein levels and lymphocyte
counts, significantly higher values were obtained with
LADG on 1, 4, 7, and 10 POD, and 4 and 10 POD,
respectively. Body temperature, WBC, and CRP showed
no significant difference immediately after surgery but
earlier recovery occurred with LADG. For protein levels
and lymphocyte counts, higher values were obtained
immediately after surgery. There seemed to be two pat-
terns of less invasiveness in the parameters: the early
recovery found for body temperature, WBC and CRP,
and the smaller shift immediately after surgery in protein
level and lymphocyte count, and probably, heart rate and
blood pressure. The complication rate was 18.8% for DG
and 5.7% for LADG.
Conclusions: LADG is a less-invasive surgical procedure
as it produces early normalization or smaller shifts in

various parameters and exhibits a low prevalence of
complications.
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Although laparoscopy-assisted gastrectomy (LAG) is
recognized as a less-invasive surgery that produces small
wounds, only a few extensive reports are available on its
less-invasive nature [1–4]. Some authors are suspicious
about the safety of LAG because it is technically more
sophisticated than laparotomic gastrectomy [5]. Against
this background, we extensively investigated the less
invasive nature of LAG, compared to laparotomic gas-
trectomy, by comparing changes over time in vital signs
and hematological parameters. We also examined the
status of postoperative complications.

Materials and methods

We chose distal gastrectomy, a commonly performed procedure for
gastrectomy, as the subject surgical technique. The study population
consisted of 188 patients who underwent distal gastrectomy for pre-
operatively diagnosed early gastric cancer between January 2004 and
September 2006. More specifically, 87 underwent laparoscopy-assisted
distal gastrectomy (LADG) and 101 underwent open distal gastrec-
tomy (DG). Postoperative changes over time in various parameters
related to invasiveness were evaluated in 164 cases with no postoper-
ative complications (82 for LADG and 82 for DG). Vital signs were
analyzed using daily maximum values. Hematological examination
was performed on 1, 4, 7, and 10 postoperative days (POD). The extent
of lymph node dissection and degree of disease progression were de-
scribed in accordance with the Japanese Classification of Gastric
Carcinoma, second English edition [6].

Statistical analysis

Data obtained were statistically analyzed by the t-test and chi-square
test using SPSS 11.0 for Windows (SPSS Inc., Chicago, USA). ACorrespondence to: Hideki Kawamura
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P-value of less than 0.05 was considered to indicate a significant dif-
ference.

Results

Patient background

No significant difference was observed in age, sex,
American Society of Anesthesiology (ASA) classifica-
tion, or body mass index (BMI) between the DG and
LADG groups (Table 1).

Surgical findings

No significant difference was observed on operation.
A significantly lower bleeding volume was obtained
with LADG (108.2 ± 129.4 ml) than with DG
(240.4 ± 193.4 ml). There was no significant difference
in the extent of lymph node dissection, number of dis-
sected lymph nodes, or degree of pathological stage
(Table 2).

Evaluation of invasiveness

Changeovers in vital signs

No significant difference in body temperature was ob-
served between the two groups immediately after sur-
gery. However, significantly lower values were obtained
with LADG on 3 and 4 POD, indicating earlier nor-
malization. Regarding changes over time in heart rate
and systolic blood pressure, lower values were obtained
with LADG immediately after surgery; however, a sig-
nificant difference was observed on 4 POD, and 3 and 4
POD, respectively (Figure 1).

Changes in hematological parameter values

For white blood cell count (WBC) and C-reactive pro-
tein (CRP), there was no significant difference immedi-
ately after surgery; however, significantly lower values
were obtained with LADG for WBC on 7 and 10 POD,
and for CRP with a slight delay on 10 POD. Although
hematological examination did not take place thereafter,
it is anticipated that the significant differences will dis-

appear eventually. It can be said that WBC and CRP
show early reductions with LADG (Figure 2). Gener-
ally, nutritional parameters such as serum total protein
levels and lymphocyte counts decrease transiently after
surgery. In the present study, both serum total protein
levels and lymphocyte counts showed generally higher
values with LADG from immediately after surgery; a
significant difference was observed in serum total pro-
tein levels on 1, 4, 7, and 10 POD, and in lymphocyte
counts on 4 and 10 POD (Figure 3).

Safety assessment

Complications developed in 18.8% of the subjects with
DG. With LADG, the complication rate was lower
(5.7%) but the difference was not statistically significant.
Regarding the breakdown of complications in cases of
LADG, duodenal cut-end leakage in Roux-en-Y
reconstruction was observed in one case (1.1%), pan-
creatic fistula in one case (1.1%), and stenotic symptoms
at the anastomosis necessitating fasting in two cases
(2.3%) (Table 3). In both groups, there was no operative
death or death during hospitalization.

Recurrence

Since duration of observation was short at 20.4 ± 9.3
months (range 1.6–34.8 months) for DG and 16.0 ± 9.7
months (range 1.1–34.8 months) for LADG, further
follow-up will be necessary to describe long-term out-
come. No recurrences have occurred to date.

Discussion

Traditionally, medical intervention for gastric cancer
has emphasized treatment for advanced cancer; there
has been remarkable progress in extended operation and
chemotherapy. On the other hand, recently there has
been an opposite shift, from typical surgery to con-
tracted treatment, for early cancer with a good prog-
nosis. In gastroenterological medicine, endoscopic
treatments such as endoscopic mucosal resection (EMR)
and endoscopic submucosal dissection (ESD), which
enables more-reliable resection of lesions than conven-
tional EMR, have become therapeutic options for cases
of early gastric cancer thought to have no lymph node
metastasis [7]. In cases of early cancer with possible
lymph node metastasis, surgery is indicated. Even in
such cases, however, contracted operation involving a
narrower range of lymph node dissection and less-
invasive laparoscopic surgery of low invasion are now
available [2, 4]. Laparoscopic gastrectomy for gastric
cancer was performed for the first time in Japan in 1991
[8]. Since then, there has been a rapid increase in the
number of patients undergoing this surgery.

Due to its less invasive nature, laparoscopic gas-
trectomy is characterized by small bleeding volume, little
pain, early restoration of normal intestinal peristalsis,
and early hospital discharge [1, 3, 4, 8, 9]. However, only

Table 1. Background of cases

Age DG (n = 101) LADG (n = 87) P

65.0 ± 10.1 65.3 ± 10.2 NS
Gender Male 76 64 NS

Female 25 23
ASA 1 41 39

2 51 40 NS
3 9 8

BMI (kg/m2) 22.8 ± 3.3 22.9 ± 3.2 NS

DG = Distal gastrectomy; LADG = laproscopy-assisted distal gas-
trectomy
ASA = American Society of Anesthesiology; BMI = body mass
index
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a few extensive studies have been performed to date on,
for example, time-related changes in various parameters
in laparoscopic gastrectomy compared with laparotomic
gastrectomy [1]. Additionally, since laparoscopic sur-
gery is technically more sophisticated than laparotomic
surgery, some problems remain to be fully resolved,
including the assurance of its safety and the radical
treatment of cancer [3–5, 11].

In this study, we evaluated the less-invasive nature of
LADG by comparing changes over time in various
parameters with those obtained by DG. All the
parameters examined demonstrated the advantage of
LADG, but their changes over time revealed two pat-

terns. One pattern was found for inflammation-related
parameters, such as body temperature, WBC, and CRP,
which showed values similar to those for DG immedi-
ately after surgery but achieved early recovery. The
other pattern was found for nutritional parameters, such
as protein levels and lymphocyte counts, which showed
values significantly different from those with DG
immediately after surgery. For dynamic circulatory
parameters, such as heart rate and blood pressure, there
seemed to be an apparent difference from immediately
after surgery. However, a significant difference was ob-
served later on 4 POD for heart rate and on 3 and 4
POD for blood pressure; which pattern applies to these

Table 2. Operative findings

DG (n = 101) LADG (n = 87) P

Operation time (min) 274.2 ± 64.1 280.2 ± 47.6 NS
Blood loss (ml) 240.4 ± 193.4 108.2 ± 129.4 <0.05
Lymph node dissection D1+a 9 8

D1+b 25 26 NS
D2 67 53

Number of dissected 43.1±15.9 45.0 ± 16.0 NS
Lymph node
P stage Ia 82 76

Ib 12 8
II 7 2 NS
IIIa 0 1

DG = distal gastrectomy; LADG = laproscopy-assisted distal gastrectomy
D1+a, D1+No7, D1+b, D1+No7, 8a, 9, 11p
P stage, pathological findings of stage grouping

Fig. 1. Changes in vital signs after operation.
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parameters remains unknown. This period also corre-
sponds to the end of epidural anesthesia, and intensi-
fying pain may have an influence, though further
investigation in a larger study population would clarify
this. In addition to the traditionally recognized advan-
tages of laparoscopic surgery, such as minor surgical
wounds and low bleeding volume, the less-invasive
nature of LADG is attributable to the retention of a wet
environment in the abdominal cavity and the absence of
manual sustaining and traction of non-extirpated organs
during surgery.

Laparoscopic gastrectomy is technically more
sophisticated than laparotomic gastrectomy. So, does it
actually produce more complications? On the contrary,
we noted that the prevalence of complications is lower
with laparoscopic gastrectomy. According to the data

from the eighth questionnaire survey conducted by the
Japanese Society for Endoscopic Surgery in Japan, 4,799
patients underwent LAG in 2004 and 2005 and 8.71% of
them experienced complications [12]. Four patients
(0.083%) died during hospitalization [12]. In our depart-
ment, the complication rate was 4.6% for LADG and
none died during hospitalization. Therefore, LADG can
be considered a safer than laparotomic gastrectomy if
performed with due basic skills. The low prevalence of
complications is also deemed characteristic of the less-
invasive nature of laparoscopic gastrectomy.

In the context of cancer treatment, top priority
should be given to radically treating the cancer lesion.
Although only a few studies are available on long-term
prognosis in laparoscopic gastrectomy because it is a
relatively new surgical technique, this technique has not
been reported to be inferior to laparotomic gastrectomy
in terms of radical treatment [3, 5, 11]. In our depart-
ment, we introduced LAG in 2001 with the belief that
less-invasive treatment should be performed for cases of
early gastric cancer with a good prognosis. Since then,
we have encountered no recurrences. At least for early
gastric cancer, there seems to be no problem with radical
treatment. It should be noted, however, that there are a
significant number of cases where the degree of pro-
gression differs between preoperative and postoperative
diagnoses, and that some institutions have begun to
apply LAG to the treatment of advanced cancer [5, 8,
13]. With these facts in mind, we conclude that a ran-
domized study of LAG should be conducted not only
for early but also for advanced gastric cancer.

Fig. 3. Changes in serum total protein levels and
lymphocyte counts after operation.

Fig. 2. Changes in white blood cell counts (WBC)
and C-reactive protein (CRP) after operation.

Table 3. Postoperative application

DG (n = 101) LADG (n = 87) P

Anastomotic leakage 2 (1.9%) 1 (1.1%)
Pancreatic juice fistula 1 (1%) 1 (1.1%)
Postoperative bleeding 2 (1.9) 0
Anastomotic stenosis 6 (5.9%) 2 (1.3%)
Ileus 3 (3.0%) 0
Abdominal abscess 2 (1.9%) 0
Wound dehiscenoe 2 (1.9%) 0
Wound infection 2 (1.9%) 1 (1.1%)
Total 19 (18.8%) 5 (5.7%) <0.05

DG = distal gastrectomy; LADG = laproscopy-assisted distal gas-
trectomy
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